The ratio of the second to the fourth digit (2D:4D ratio) is a sexually dimorphic trait established in utero that differs between ethnic groups. It is associated with prenatal androgen exposure, and studies have evaluated the ratio as a marker for certain traits and disease states known to be associated with higher levels of in utero androgens, such as prostate cancer. There are currently no screening tools that stratify men with prostate cancer according to the severity of their disease. This study aims to investigate the 2D:4D ratio as a potential marker for prostate cancer severity. Our hypothesis was that lower digit ratios, representing higher in utero androgen exposure, would be associated with more severe disease. METHODS: Measurements were taken of the second and fourth digits of the right hand of male patients diagnosed with prostate cancer. Gleason score, presence of metastasis, family history, age at diagnosis and race were recorded. The distribution of demographic and other patient characteristics were compared with digit ratios to determine relationships. RESULTS: African-American men with prostate cancer are 3.70 times more likely to have a low 2D:4D digit ratio than Caucasian men with prostate cancer (95% confidence interval: 1.98, 6.92; Po0.0001). There were no statistically significant differences in the presence of metastasis, Gleason score, family history or age at diagnosis by digit ratio. CONCLUSION: 2D:4D ratio shows strong differences between African-Americans and Caucasians; however, it does not correlate with disease severity in men already diagnosed with prostate cancer. Although this is a small population sample with possible confounding factors, it does not provide evidence to support the hypothesis that prenatal androgens affect prostate cancer grade or progression. 
INTRODUCTION
The ratio of the length of the second and fourth digit (2D:4D) of the hand is a sexually dimorphic trait, with men displaying a lower ratio than women by about a fourth of a s.d. 1 The ratio has also been shown to differ among ethnic groups. 2 The prenatal development of the prostate is dependent on androgens, specifically dihydrotestosterone, and on a functional androgen receptor. 3 Several studies have demonstrated that the gender difference in digit differentiation is associated with prenatal androgen exposure. 4, 5 Others have shown no correlation between adult sex hormone levels and digit ratios, as well as ratios that are stable throughout life, 6 suggesting this is a trait established in utero. For this reason, the 2D:4D ratio has been used as a noninvasive and retrospective biomarker for prenatal androgen exposure, and has since been shown to correlate with a wide range of diseases and psychological traits. 7, 8 Prostate cancer is generally thought to be a hormonally driven disease. However, the association of adult hormone levels with increased risk is controversial at best. 9 Recent studies have explored whether the 2D:4D ratio is associated with prostate cancer 10, 11 and have suggested that digit ratio could be a predictor of the presence of this disease. One study found that patients with a lower ratio have a higher risk of high PSA and thus prostate biopsy, as well as a greater risk of prostate cancer. 10 Another found that patients with a lower ratio had a higher risk of being diagnosed at a young age.
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Although the association between ratio and presence of disease has been studied, there is little exploration between 2D:4D with severity of disease. We hypothesize that a lower 2D:4D ratio, suggesting higher prenatal androgen exposure, is associated with severity of disease as documented by Gleason score and the presence of distant metastasis.
MATERIALS AND METHODS
Subjects were recruited from a large hematology/oncology clinic specializing in prostate cancer, and all had a known diagnosis of prostate cancer, thus, this was a clinic-based cross-sectional study. IRB approval was obtained, and each patient was consented and a digital hand scan was taken of the right hand. Previous studies have shown that 2D:4D ratios calculated from direct digit measurement are the same as those calculated from digital hand scans. 2 The length of the second and fourth digit was measured directly from the printed images using calipers, from the lowest crease at the center of the bottom of the finger to the tip of the finger. Each measurement was done at one sitting, then repeated a second time by the same researcher. If there were discrepancies between the two numbers, the measurement was repeated. Subjects with injuries to the digits were excluded from the study. Subjects were also asked demographic questions that were entered into a secure database. Race was documented at the time of the visit; however, because of a small number of subjects not falling under 'African-American' and 'Caucasian' groups, only subjects in those two ethnic groups were included in the final analyses. Family history was obtained at the time of the scan. Patients were asked about first-degree relatives (father and/or brothers) with a known diagnosis of prostate cancer. No other cancer family history was ascertained. Ethnicity was documented, but only African-American and Caucasian patients were included in the final analyses because of a small number of subjects in other ethnic groups. Disease status was updated at the time of scan and did not reflect the stage at diagnosis in this crosssectional study. Gleason score was derived from the time of diagnosis. Patients of all stages were included. A centralized pathology reading was not utilized.
Statistical analysis
Frequencies and percentages were computed to summarize demographic characteristics and covariates in the study population. For the primary analysis, digit ratio was dichotomized at the median value. Secondary analyses used tertiles and quartiles of digit ratio to assess the effects of more detailed analysis. Because of ethnic differences in our population, the analyses were repeated after stratifying the study population by AfricanAmerican and Caucasian ethnicity. Other ethnic groups were excluded from the analysis because of small sample size. The distribution of demographic and other patient characteristics were compared by dichotomized digit ratio using t-tests and analysis of variance for continuous variables and w 2 test for categorical variables. An unadjusted odds ratio and corresponding confidence intervals were calculated to estimate the association between race/ethnicity and digit ratio. All tests were two-sided and P-values o0.05 were considered statistically significant. Statistical analysis was performed using SAS version 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
The characteristics of the study population are listed in (Table 1) . The mean age at diagnosis was 62.0 (s.d. 7.9) and the majority of patients were Caucasian (71%). The mean digit ratio was 0.9445 (s.d. 0.04). The first analysis dichotomized the digit ratio based on the median, and demonstrated a highly significant difference between African-American and Caucasian subjects and digit ratio (Po0.0001) ( Table 2 ). Digit ratios were below the median (0.8028-0.9420) in 40.8% of Caucasian subjects and 71.9% of AfricanAmerican subjects. African-American subjects with prostate cancer were 3.70 times more likely to have a low 2D:4D digit ratio than Caucasian subjects with prostate cancer (95% confidence interval: 1.98, 6.92; Po0.0001). There were no other statistically significant associations seen. The statistically significant finding of lower digit ratio among African-Americans was maintained when the data were further broken down into tertiles or quartiles, lending further credibility to these negative findings (Table 3) .
To control for the race differences, further analyses were stratified by race. The results of the secondary analyses were the same as the primary analyses. In the Caucasian population (n ¼ 167), bivariate association between digit ratio and the presence of metastasis, Gleason score (p6, 7 and X8) and age at diagnosis did not reach significance. An analysis of disease status and family history almost achieved statistical significance (P ¼ 0.06) ( Table 4) . Analysis of each covariate and digit ratio was further categorized by the median, in tertiles and in quartiles, none of which reached statistical significance.
DISCUSSION
The 2D:4D ratio is of interest in the scientific community because it could provide a readily accessible window into the environment of prenatal development, especially, prenatal hormonal conditions and how this relates to future development and disease. The in utero environment is difficult to study, as the only methods to sample amniotic fluid or fetal blood involve invasive procedures that are performed only for clinical purposes, and long before the incidence of prostate cancer. Thus, an available biomarker, present years before the diagnosis of disease, would be of potential interest.
In addition, there are few current ways to adequately determine prostate cancer severity. The natural history of prostate cancer is challenging to predict, as some cancers will become clinically significant, whereas others may remain asymptomatic. 12 Patients with well-differentiated disease and a life expectancy of 415 years are the most difficult to counsel about treatment options and prognosis. 13 A way to better classify patients and their risk of disease progression would be helpful to the overall treatment modality decision-making process. Thus, this study evaluated whether the 2D:4D ratio is associated with disease severity, based on Gleason score and presence of metastasis.
There is evidence in the literature that gonad and digit differentiation are associated. 14, 15 Prenatal hormones have a direct role in digit differentiation, with a lower 2D:4D ratio suggesting higher androgen exposure, and a higher ratio suggesting more estrogen exposure. 5 A study in mice found that the 2D:4D ratio was controlled by androgen and estrogen signaling within a narrow period of development, and suggested that digit differentiation can act as a marker of prenatal exposure to hormones. 16 Moreover, studies in humans have shown that both males and females with congenital adrenal hyperplasia, and thus high prenatal testosterone level, have lower digit ratios than controls. 17, 18 Recently, there has been increasing interest in the potential relationship between digit ratio and prostate cancer. In 1988, Henderson et al. 19 proposed a possible association between prostate cancer and prenatal androgen exposure. A later study found that patients with a lower digit ratio have a higher risk of prostate biopsy as a result of high PSA level, as well as a higherrisk prostate cancer. They suggest that digit ratio could be a potential predictor of the presence of prostate cancer. 10 Another large case-control study asked subjects to self-identify their digit ratio pattern based on photographs. The data were collected over 15 years, and showed a negative association between 2D length greater than 4D and prostate cancer risk. They conclude that lower prenatal activity of testosterone is protective against prostate cancer later in life. 11 Conversely, the Melbourne Collaborative Cohort Study found no significant association between 2D:4D ratio and risk of prostate cancer. However, there was a small inverse association noted between cancer diagnosed before the age of 60 years. 20 That study concluded that hand pattern could represent a potential marker for prostate cancer risk, especially, in men under age 60.
Studies have confirmed that digit ratios are significantly different between sexes, as well as in different populations. 2, 21 One study demonstrated a substantial difference in children of African versus European descent, 6 and these population differences have been substantiated elsewhere. 21 Our study results corroborate these findings, as our population demonstrated a strong association between African-American race and a lower digit ratio compared with Caucasians. Although it is likely that genetic influences are a major factor in these differences, it has been shown that African-American women have higher in utero levels of androgens. 19 This is relevant to the study of androgen exposure and prostate cancer, as African-American males have both a higher incidence of prostate cancer and are more likely to die from their disease for as of yet unknown reasons. 22 Investigators have suggested that the 2D:4D ratio be used as an epidemiological marker for disease risk associated with early androgen exposure. 23 Our results clearly demonstrate a difference in 2D:4D ratio between ethnic groups. However, there was no association found with digit ratio and any other variable evaluated, including Gleason score, presence of metastases, age at diagnosis or family history of disease. The family history statistical analysis was close to, but not less than the Po0.05 level, when stratified by low risk or metastatic disease. Overall, this does not support our hypothesis that the digit ratio can be used to help predict the severity of disease and/or likelihood of progression in this population of patients. Future studies could evaluate patients from the time of diagnosis prospectively to better monitor the development of metastasis and disease progression. . Metastases means radiographic metastases.
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